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ADSTRACI’
It is sllowll that  the ]MCSCIICC  of i{)llos~)]lc:ri~-c)rigiil  Oxygcll  io]l Lcalns  with  al~isotropic  prmsum

Call cxcitc IIclicon modcs ill tllc near-ltartl~ l)laslna SIICCt  rcgjorl  ])rovided tllcir  A lfv~llic hlach
Ilultll)c!rs lic ill a certain rangy:. ‘1’11(! IIclico]l  lnodcs are easily cxcitcd ul)der t h e  co]lclitiolls
W]l(’11  t]lC USUal 1011~ WWJ’Ck!llF,thS  fil’C-hOS(!  IT”lOdCS MC St,ablC. ‘1’he typical real frcqucncics  of tllc
cxcit,cd  hc!lico]l  modes arc bdwccn  I to I (I InIlz,  aILd tllc ty~)ical  c-fc)ldilg  time of the instability
is about  3 to 15 miliutcs  at wavclcllgths of 1 to 5 }?E. ‘1’hcrcforc  these modes arc likely to
attain sa tura t ion  during  cnl)aIIccd  collvcctioll  CVCIktS  lmtillg  for a few l]ours. lJarge  alnplitudc
IIclicon Inodcs  would  distort  t~lc :l~lll)icllt  lll:lgll~:tic  fic]d :uld IINLy bc observable  as flux rO~K%,
1 ,ow-frc!q u(!ncy t urbulcncc  produced by tl ICSC II) O(ICS CC)Uld  scatter clcctrolls ant] ljelp  cxcit at,io]l
of tllc ion t,caring  modc!s leading to substorln  ollsct.

1. lN’I’IK)I  )UCTJC)N
l{ccx!~lt  obscrwltiolls sugg(!st t)lat  i(jll~)s~)~lcric-origill  ~j+ iolls co~lsitit,utc  an iln~)c)rt,ant  al)d

SOIIIC ti]l]cs do]lliI1:i])t])[lrt  of tllc ~Llt,{:l IIIZ\~,IICtC)S])]ICI’C  MI(1 t]lc Ilcar-]jartll  lJlasma sllcct region
[} ’ck!?son d d,, ]981; s’},a7’p Ct 01., ]981 ; ],c,,,,’a,tsson,  1(194;  m!llcy Ct al., 1982;  IIultqz)isi,  1 9 9 1 ;
],c?Lna?”hso71 und  $’/LC//c{/,  ] 986;  ])a~lis  et u~., j ~~] , ] 9f)3, ] 9941. Obscrvatiolls  b y  CJIK)’1’AI  1 ,
illdicat,c  tl]c ~m!scllcc  o f  tailward  f]owillg cncrgctic  0+ ion bursts  ill tllc distant  lnagllctotail
[Wilkc,~ ct d., 1995]. ‘J’wo l]~ost illlj~orta*lt io]]os~~]lc:ric  outflow  rcgio*ls  fo r  tllc 0’ ions arc tllc!
aurora] rcgioll a~ld tllc! claysidc cleft [ I,ockuwod ct al,, 1985; Ya7L d al., 1986; I)elcourt d al.,
1 !389; Cladis  a,TLd ]h7Lczs,  ] 992]. ]tcccnt]y, it, l]as bCCII SIIOWII t,llat  t,he aurora] ionosl)lmic  iol)
fccdillg  of tl]c! inxlcr  p]:~SII-Ia  sll~ct,  during  substorllls  c:tll I)c fast (i.e., N characteristic subskmr]
tilnmcalcs),  and that the iollos~)llcrc  COUIC1 actively illflucncc  tllc substornl  cncrgization  lnmccsscs
by Mqmlldillg to tllc illcr~!~scd  SO1:LY wjll~]-lll:igll(!  tos])}lcl[}  cou])liI1g  [Daglis  and Axjod,  1 996].

Oxygcll  ions cxtractcd  from tllc ionosl~llcrc citl]cr froln tllc CUS1) or aurora,] rcgioll  first travel
along tllc ]otx! field lillcs  C1OSC to tllc ~)las]na  sllcct or ill tll(!  plasma  sheet boullc]ary  layer, ullti]
tlIC!ir Cllcoljl]tcr  With t}lc llcutral  sllcct w~lc!rc tllq~ arc ac,c(!lcratcd  tO llig}lcr  Cllcl”gic!s  Ll~) to scvcl”al
tmls of kcV [ Shar~j ct. al., 1!381; ca~~didi d al., h~ohil[s et cd., 1 $S7, Cladis  and kkaneis,  1992].

‘J’llcrc can also bc direct injection of relatively nigh c~ngy  (50 100 kcV) ionosldlcric ions from
the aurorzd iollos~)]lcrc  into the Ilcar-}tarkll  Illagllc:totail  durillp, sul~storms  [~)ag~is et al., 1(l!)4~  ]1)



this ~jmccss the outflowing iol}oslJheric io]]s move along  auroral  field lines maIj~jillg  ccluatorially
to tl~c inner plasma  sheet. II) any case, the iollosI)llcric  0+ ion flux in the nmr-l;arth  plmma
sllcet (.X N -fjli~tj to -15 ~?},; ) ale ObSCrVCd  to ill(;rcasc  (dramatically during  t})c growtl] pha.sc
o f  substorlns  [ J)ag/~s  ~~ al,, 1990, Iogl;  Kisflc?’ c~ al., J 992], a n d  hence it could influence thC!
dynmnical evolutioli of the plas]lla sllcct.

It lla$ been suggested t,hat cilllanccd  dcllsit,ies of iollos~)hc.ric 0+ ions in some localized
region in t}lc pl~qlna  SllCCt WOUld favor tlic cxcit,ation  of the ion tearing  il]stability  [ Sc}Lindlcr,
19’74; l~akcr et al., ] 982],  velocity shear i)lstabilitics  [ .C’lodis a?~d l’ba?~cis, 1992], or firehosc  t~l)c
ilMabilitics  [Hill a?ld VOZ@, 1992; Verhccst  u7Ld l,nk}Li7u~,  1991; 1,ak}Li7m, 1995, 1996], wl]ich could
ICad to the Ollsct of the sutJstolIns. ‘J’l]us,  it is i~nl)orta~lt  to undcrsaIid the role of ionosl)}leric
0+ ions 011 the stability and dynamics of tl~c near-}tartl] ~)laslna sl]cct wllicll ulti]natc]y  controls
the substorm  proccsscs.

in this ~)apcr we have sl]own tlmt  the lmscllce  c)f allisotroj)ic  iollosl)llc:lic-oligill  0+ ion beams
can excite the hclicon mode iil tllc! near-}’~artll (X w -10 I{E to -15 l?jl; ) I)lamlashcwt  region. in
all (:l(:ctroll-l)rotO1l  pla,qtla,  tllc dispersion relation for tllc right l]al)d ~)olarizcd low- frcclucllcy
lllodcs,  i.e., w << fz~j ( hCrC w aIId {)1) rc])rmcnt- tllc wave, and t] lc I mton cyclotml  frcclucncics),
lmo~mgating  l)ara]lc:l  to tllc lllagllCtiC  field, 13., gives tl~c hllll  ) Alfv6n modes. ~11 t~lis  ca.sc t]lc
lmtoll  lIall currmlt  cxnn])lddy  GLIICC]S  t,llc electron }Iall currmlt,  aIld the wave is :naintail]cd  by
tl]c ~woton ~Jo]arizatioll  cllrrc!nt,  [J)a.j)adoj)o/~los” (:z’ al, 1994]. IIowevcr, i~l the rm:scl]ce of oxygen
io~ls,  tllc io]j (both  ~)rot,on  and OXyg(!n)  l]all currellts  callllot  coln~~lct)ely  c a n c e l  tlie cdcctron
Ilall  current UIIICSS w << (20 ( f)O t)cillg i,llc oxygen ion cyclotron ftcqucllcy).  ‘J’ll(!reforc for the
CZase  when 0+” ions arc: weakly lnagllctized or Ll?llll:lgllctiz(:(l,  t,tlcy carry  ncgligibl{!  IIall current,
a~ld tllc rcsult:ult  iol] Ilall c~lrr{:llt  is not sllfliciel~t  tc) )]cutralizc t}lc  C!] CCtIOIl  IIall currcllt.  ‘1’llis
situatio~l  could g i v e  ris~ to  l)~:lico~l  Wav[:s  [ })[l,l~o,d[jl~ol/.lo.s CL al., 1094;  ~/Lou CL al., 1994].  WC
s}lall  s}low, for t]lc first time, tile ~)ossibility of driving  t,)l~: ~lclicoll  nlodc illstability  in tl)e
lllagnctotail  by the iollc)s~)l]cl.ic-c)l’igill  cmygcl I io]i lxallls. It lIas km suggcskd that  hclic.on
WaVCS COU1(] lca(] to t}~C f(~q~ ~urr[:llt,  Mld (]LIx ~)erl{:tr:ltiol~  :l~ross  t}l~ ~)lasl]la  sll~ct [I}ayadopoutos
Ci U1., 1 994], thus af~cctillg tl)c substorln  dyllalllics. h’ur~hcr  tllcsc xnodcs  may contribute  to the
obs(:rvcd clcctronlagnctic  noise ill tllc I-J I,14’ - l~;I ,1~ frcq~}cllcy ral]g(! ill tllc IJlaglletotai]  [ l{ussc1l,
1972; 7’su,luta,ni  et al,, 1985, 1987; l~uzw7 ct al., 1995].

2. IIEI,ICON MOI)N INS’1’AI]ILITY
‘J’lle dis~wrsion  relation for tllc c:l~:ctrolllagll(:tic  modes l)lo~)agati]lg  ~mrallcl to tllc magtmtic

fi~ld,  13~ == ljOX i]l a ln~lltis~)~ci(:s  ~)]:L$nla  caIl }Jc Writtcll  [ J,ak}Lz7/,q  1995], ill Stalld:lr(l llotatioll,

W2 = c2k2 - ~ W;j
[
w - .k[]~ jf(l)j)

LXqj~

., (:~jj . 11 ) { 1  i ?)jz(7)j)}  ,
(Yllj

(1)

w h e r e  wf)j =- (47rq2Nj/7nj)112 and flj = gj lL3/7njc arc tllc l)lasnla  and the gyrofrequmcy  of the
jt}l species ,  with  j =: C, p aIld o for clc~trons, ~)lc)tC)ns  all(~ t}lc  oxygcn  ions rcs~)c!ctivcly,  /lj is
t]lc!  (11’if~ VcloCity  Of t]]~ ‘jth s])~l~i~s,  a]l[l  ~J j a]ld  (~llj  arc rqmctivcly  the ~)cl~)(!xlclic~ll:ir  ad
])arallel tllcrmal  velocities with res~mt to 130, a~d .Z(qj) is tllc WC1l knmwl l)lasllla disImsioll
fullctioll with tl]c argunlmt  I]j = (w - kUj :1 f2j)/kCl[lj. ‘J’lIc :1 sigl] ill qj denotes Lhc! ]1]~ (-}
sig~]) aIIci the 1,11 (–- sign) Inoclcs. ] n writing (1), WC! ]lavc! takc]~ the distributioIl  functions’ :LS
drifted bi-MaxwcllizLns.  III tl~c ql]ilibrjL]IIl  state, tl]e d]arge  neutrality is II1aintaiId  by takiug
NC = NJ) -i NO, W~JC!rC!  N is density.
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1{’01 tllc cam of qj >>1 for each sp(!cics, (1) can be sim~)lificxl  to,

W2 =
[

W-ltUj
c~kz + ~>w:j -– -----------

~ W –  kllj 4 Qj

((Y; j - a~j)k’

‘“--” 1“  2(;-- k{Jj :1 flj)2 ‘
(2)

Not,c that lighter electrons  Illaillt:liil  cllargc a~ld currmt neutrality in equilibrium but contribute
little  to t,hc mcms average. We considcx  the case wl]crc (w - kUj)2 << Q; for j=- c (electrons)
and I) (l)rotons),  a~ld O_J2 << C2 arid take u]) =- O (i. e., prOtOIJ rest frml(!), then (2) can bc! W“rittcl)
as

Al, k2c2
Wo = 4.-/$1  -- ‘c - -

2 z )-;2 q),
o J}p

wl)icll  is very silllilar  ill struct[lrc to t}lc dis~mrxioll relation for the usual hdicol]  m o d e ,

(4)

(5)

ill clcctroll -])roton ~)laslna. I n  quatioll  (4 ) ,  tllc ~)mtons,  w}lich are lighter  as com~mred  to
Oxygcll ions, ~)lay  a role similar to that of clcctrmls irl tllc usual  hdicon  mocicxi  (Cf. (5) ).

Now, wc shall t,akc irlto accouIlt  tllc (Iylla.lllics  of t,hc 0-1 IOIIS,  and look for a~l il)stabi]ity  IIcar

tll[! hclicon Inodc frcc~ucllcy O.. OIICC  again cx)llsidcrillg w2 << ~ ftl,w, and writing  w = Ldo -{ d,
(3) siln])lifics  to

[

Aok2V:T,
63-1 [2((JJ0- WO)3.  {2.] 62-1 (W()- WO)’ 6:1 - -  Zlj

1
+ (W O - IWO)(WO -  ktJo :1. O.) 00 == 0: (6)

W1]C!N ~i =- (No?no/N1,?r~,%, ) rc!pr[;sc[lt,s tllc  Iclativc:  OXygCII  ion mass de~lsity  wit~l  rcsl )cct t o
protons.

IJor tllc s~mcial  case of isotropic ])la.wna systun  ,i. c., A. :: Al, =- A. = O, (6) tX!COIIIC!S a
quadratic equation, and the hdicou  mode il]stabi]ity  with IUI polarization is excited  by tllc 0+
iml bcal n l)rovidccl

(7)

wl](!r~:  f14 = Uo/VAl,  is tl~c c)xygcll  ion Alfvh)  M a c h  ~lumbcr  WIICN  VAf) is the Alfv611 SIWd

calculated usil ig tl)(! ~)rotoll  ]nass dellsi ty.
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1“01 a gcllcral anisotropic  case, ((j) call t)c easily  solvd nulncrica]ly  for the  uIIstabl(! modes.

We solvecl  (6) using Afathcmatica  for  bot]l ]L1] and ] ,~1 polatizd  lnodcs.  WC find t h a t  t h e
hclicxm  Inodc  imitability OCCUHCCi  for the 1{,1] mode only. ‘J’]lcrcfoix! results for th[! real frequency,
WV = (UO -} ~ied) and growth rate,  -y =:- 1TTL6 > 0 for 1{11  modes am shown in U’igurc,s  1-3 for the
]mainetcrs  re]cvant to tile central  plmI~lasl]cct (C1’S) rcgio~l wlIcrc we have takc]l  /3110  = 3.5.

h’igurm 1a and lb show that ranges of real frc:quencies  a]]d g[owtl~  rate increase wl~en  A.
k illCIWi.’SCd.  ]n ~@re 1, ~rowtl]  ratCs Colll(]  attai]i  t]lC 111 WilllUll”l  Vd[](! for a CCL’taill  vd~]c o f
the Ilornmli7,ed  wavcnulnbey.  IIut,  ill Y’igur(!s 2 and 3, we IIave to truncate the curves for real
frc!qucncy  and the growt,h rates before the! lat,t[!r  could  attain t}lc ll”laXilllUID  V:LIUC, say ‘y,,,,,  T/f~O.
“1’lIC trurlcation  wass Ilcccssary  as tll(!  assum~)tion  of treatil)g  the: oxygen ions as cc)ld,  i.e.,

(8)

breaks dow~l for values of the wavcnurllbcr kV&/flc,  larger t,hall tlmse slmw:l ill l~igures  2 and 3.
F’igur(!s 2a aid 2t) show that an incrca.<c  c)f Af and 1{ IIZS dcstabilizil)g cfIccts on the hclicon

lnode. ‘J’he range of excit(!cl  real frcqucllcics, growth rat[!s, and of ul]stable Ax arc incread
sig]lificant,ly  by an itlcrc!asc  in 1{ froll~  1 to J O (cf. curvm 1 ~ ~ al]d 3), and of A~ fI’011”1 ().1  to 0.25
(cf. curves 3, 4 and 5).

l’igurcs  M and 3b show that  ]msitivc (Ilcgative)  values of proton arlisotro])y, /1{), lead to
illcrcasd  (dccrcascd)  values  for rc!al frcquel)cics  as WC]] as growth rates ( cf. curves 1, 2 al~d 3).
‘1’IIc efI’c!cts clue to electron ansiotro~)y,  A., were lid found to bc si,glificarlt  (not showI]).

Wc Inay ])oillt out t,}mt  tllc hdicon IIIoclc is quite (Iistillct  froIn ttle rigllt, hand resonant beam

instability [ c~ary  et al,, ] 985; l’s7L?.uta7Li  CL al., 1985]. I ]C]icoll  Ii)ode instability is cxcit(!d at, much

lower ( than tile proton cyclotron)  frcqucI1ci(:s aJld at InUClI  1011.gcr  w:Lvclc]@lls  than the right
}lmld  beam resonant  illstat)ility ( typically sligjltly  less tl)m~ tllc ~)rotc)ll  Cyclotron frequencies).
A~] ilnl)ortant  feature of tl~c ]]cljcon ]no~]e jllst~~iljty is t~l:lt  it is excite(~  at sr[la]lcr Macl~  numtjcrs
( tyJ)ically A40 N 0.05- - 0.25 or so) tlmll that required by rescma~lt  lmatn instability (ty~)ical
A4> 1).

3. I) ISC’LJSSION
our atlalysis S11OWS that tile ])rcscnce  of iollos]~llcric  W io~)s  i]] tllc inner central ~)kamla  dlcct

(ICI’S) can excite helicon  mode i,lstaljility  ],rovidcd  tl,c tmmn Mach m~]nbcr  lies i], a certain
rallg(!. ‘J’llc low-frequency loxlg wavclmlgt,ll  wavm generated by this i~lstability  lmvc right  hancl
I)olarizaticnl.  ‘1’h~! ideal co~lditiolls  for Llle cxcit,atioll  of liclicoll  lnodc instability arc t}lc  large
values of parameters A., 1/, and M as SCCI1  fro~n h’igurm 1, 2 ,  ald 3. SuclI collditiolw call be
realised during  growt}] ]J~m.m of t]l[! subst,orlns.

Obs[!rvatiolls indicate that,,  atleasi  C]urillg;  so~nc  Occasiol)s, (2+ ions can develop sigllificant,
J)ressurc anisotro])y in the 1 U’S rc.gion[I)cujdis  Ci, al., 1991; I,c7L7M71s,s071,  1 W]. Computations
by Cladis  a,~~d jka71& [1992] S11OW  that ~Jaralllct,cr  A. CaII nave values from 1 to 5 ill the region
x ~ -10 RJ; tc) -15 1/1,; Vvitl)il] about,  two hours c)f tlhc cO1tllllcllccllicllt c)f an cnl}lancccl  convection
c!vcllt. Such large negative values can excite lcnlg wavelc]lgth  Ilollresollallt  fire-l]osc imitability
[~,akhina,  1995, 1996]. IIerc we llavc col)sidcrcd  tl]c Ilomild values  of A. = 0.1 to 2.0. Note
that ill tl)is r~:gj]nc, tile fire-llosc lnOdc is sta~l~.  W]IC]) t]lc io~los])]lclic-origill  @ ion beam has
initially la,rp;c  Macl) nulnbcr,  t~JC hclicoll  lIIOCI(! i~lst,ability Will k! excited first, ~lOWeVCr, if it
satllrates at ratllcr low levels so t~lat t]lc h4ac]1 llulnl)cr  of tllc beam is )Iot reduced ]nuch,  t]lc]l
tllcre  is <L ~)ossibility  of fire-l]osc mode gctt,illg cxcitccl  by tile C)”’ ion bealtls.

‘J’llc liulnber density of 0+ ions in the iimcr ccl~tral ~)lasma sl)cct is quite variab]c. Therefore
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the paramctm N =. NOrnO/Np?np  could  vary over a wide range. We consider R =- 1- 10 .as typical
duriug  during highly distur~cd  times  [I,c?~nartsson  a?ld SILCllq, 1986;  WZlkc7L  et al., 1995].

Mcasur[!mcnts  of C)+ iox~ flow vclucity iu tllc plasmzL  sheet region arc sparse. Pck’rso?t  d

d. [1981] haVC I’C!l)oltcd U], w 31 km s- 1 and {JO N 43 :~ 60 km S-l wit}l large uncertainties.
Olmrvaticms  indicate flow velocities of @ ions varying between U. N (50 - 200) krn s-l in
tlllo  magnctot,ail  boundary  layer ancl ~)las~na  lobe [G’a?Ldidi et al., 1982], ancl  UO w (20 120)
knl s- ] in the l)lM+MR  shmt region [ OTSZnZ CL al., 1985;  Stokhohn  et al., ] g8~] In the abSC1lCC
of simultaneous mc~~sut[!nlc~lts  of t]:,, it is rat,lIcr  diflicult to dctcrlnine  tllc relative drift SIYW!C]
between @ ions and protons in the ~llamla  sllcet region. ‘1’hcrcfore,  taking IUO - Zll,l w 10- 60
kln S- ] ill tllc 1(;1’S a~)l)cars  to be quit,c rcaso~mblc.  ‘J’hell,  for 110 = 10 nrJ’ a~]d Nl) = 0.5 cn’ ‘,
WC!  get typical Mach numbers M =.: 0.025 - 0.25 in the 1~1’S rwqio!l.

1~’i~,ures  1 -3 SIIOW that the range of cxcitc(l  real frcqucl]cics,  growth rates, and uns tab le
w:\vclcI]gt}]s, ~ = 2T/k,  arc ~esl)cctivcly  u,. z (0.1 0.5) flo = (1.0 5.0 ) Inllz,  ~ =  (0 .1-  0 .5)
Q,)= -( 1.0- 5.()) ]n]Iz,  fl]](l  A =- vA1,/(o.l  - ].75)(20 = (1 - 15 ) RJ; for A4 =- (0.01 0.25), 1{ =-- 1
- 10, f10 == 0,1- 2.0, 1~0 = 10 n’J’ and N{, =- 0.5 CIIl -

‘. IIcIlcc tkc instability would  ~mfcrc!ntia]ly
(!xcitc lo~+~-frc!c~llc:llcy  waves with wavc]cngllts  H (0.8 - 1 5) lt~; in tllc 1~1’S,  ‘1’lle typical c-folding
t ime of  tllc inst,a,bi]ity  is a}~out 3 to 15 lninutcs  at wa,velcll.gths  of A % 1 to 5 lll<;,  which is
r’casonabl  y Snort . ‘J’lmwfore, these ]I]odcs COUIC1 attain saturation as the e]illallccd  co]lvcdion
(: VCllts  may last for a few l~ours.

4. SIJMMAltY
‘1’l)c cxistcncc of large am])litudc llclicon mcdcs  drivcll by tllc free energy of the ioriosphcric-

origill  0+ icm beams  in the Ic])s r(;gioll  may llavc SOIIIe iIltcrcstillg  collscqucnccs  for the sul.)shrln

~)mccsscs. 1{’itstly the large scale fluctuat,  illg 2 a~ld y colnponents,  i.e., CIllz  and d].$, axmcialml
w i t h  tllc hclicon m o d e s  could  twist tllc!  cquilit)riurn  Illagilctic  fIcld into f)ux rw])cs.  ‘1’his gives

all indica.tioil that t,]lC ]~c]icoIl III OCICS  Inay ~C ~)layil~g SOIIIC, rWIC in t h e  proccsscs  r e l a t e d  t o
oxy.gc!n  ion bursts asssociatcd wi th nlultil)le  flux rc)])es in t,lle distant  nlagIlctotail  a s  o b s e r v e d

by G1’X)’J’AI1,  [ WZIACTL  ct al., 1995]. Sccolld]y,  t}lc  larg: alll])]it[l[]c dllz could ])roducc ]ocaliscd
lnillima ill the z colllpol)[!llt  of tllc 2]) ~quilil)~iuln  ln:qyletotail  IIlagllc!tic  field neat tlie Ilcutral
axis. Moreover, t}lc low-frcquellcy  turbulence duc to tllc hclicoll  modes could scatter clccLroIls
tra])]x!d in the ICI’S region, ]Jot,ll  these factors would  nlake tllcsc localized lninima  (separated
by tile wavelength of tll~; ex~itcd  Inodcs)  to ljc t}lc ~)otelltia)  site for the cxcitatioll  of tllc tcarillg
]]lodc i]lstabilitics  w}lic]l  COU]d lead tO tllc OIWCt of tl~c ex~):ulsioll  ~)]lZL% of the substorln.  ‘J’hirdly,
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k’igurc Captims

● l“igure  1: Variation of normalimd  real frecluwlc,y  wr/f10 (a), and growth rate ~/QO (b) vcmus,.
l“lorl~”la]id wavC]]~]lnbe~  kVAp/f~o for the heliCol]  mod(!  i~~stabilit~  dlivel~ by @ iol)s ill thC
1~1’S  rc.gion for f14 == UO/VAl, =- 0.25, Jt =- pO/pl,  = 1.0, Ac = AP=--O, aud /3110= 3.5. ‘J’l~c curves
1, 2,3, and4 arerespectivcl  yforA  O=-- (@lIO - ~do) = 0.1,0.5, 1.0, alld2.O. 11’()]tllc~~aral}lcters
considered here ,as well .a~ in k’igures  2 and 3, the I ,11 mode instability does I lot exist.

Pigurc  2: Variation of normali~cd real frequency w,/f10 (a), and growth rate ~/flo  (b) versus
normalized wavcnumber  kVAT)/flo  for the helic,on mode il~stabilit  y clrivm by 0-} ions ix) the
1{~1’S  region for AC =-= AP==O, and AO == 2,0. l’or tllc curves 1, 2, and 3, 114= 0.05, slid N:= 1.0,
5.0, allcl 10.0 rcslmctively. l’or the curves 4 ald 5, 1{=- 1().0 and 14=- 0.1, and 0.2 rcs~mi,ively.

Figure  3: Variation of llorlna]ized  real frequency (a), and growth rate (b) versus normalized
wavCl”l~llllbCr  kVAP/f~O  fO1’ thC  lldiCOIl IIK)d(!  iIIStability  iIl tll(!  ]~1’s re~io~l  for ~{=  .5.(), a~ld

J4: -0.1, Ae=O, aIld AO : 2.0, 11’or tllc curves 1, 2, a~ld 3, Al,=  -1.0, O. O,:LIId 1.0 rcs~xztively.
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